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.
Oneof theimportantfactorsin seaplanedesignis the Sta– --
‘bilityat rest on thewater. Ordinarilythisis securedby .
basinga newdesignon theproportionsfollowedin someoldand
successfuldesigq.Sufficientdatahasbeencompiledfrom.var- -
ioussourcesto clearup thispointin eachof thecasesrequir- -
ingstudy. Thesecasesarelateralandlon~itudinalstability---
b
of twinfloats,longitudinalstabilityof singlefloats,and
—
lateralstabilitywherefing tip floatsareused(aswitha sin-
glemainfloator boathull). Thelongitudinalstabilityofboat
hullsis sogreatthatitmaybe neglected. .—
Themethodfollowedin
is to obtaina satisfactory
heightandstudythevalues
thecaseof singleandtwinfloats J.-
approximation.tothemetacentric .—
actuallyusedin successfuldesiOms-_
LATERALSTABILITY- TWINFLOATS. .
Thelateralmetacentricheightoftwinfloatsis readily
approximatedby useof theconventionalformulaof NavalArchi-—
tecture.Referringto Figure1, andto anyworkon NavalArchi- .
. tecture -.
v BM=+ .
.
where I is themomentof inertiaof thewaterplaneareaand V
.-, .. ----
..
-z- —
thevolumeof displacement.Let 6 be thespacingof tinefloa~s
—
on centerIinesj L thelength,and b thebeamof eachfloa~~.
Then,assumingtheareaof thewaterplanefor eachflcattobe
-—
Lb, themomentof inertiaof thetotalwaterplaneareais
I ‘((s +b)3 - (s- b)3)
= 12
= +#6s2b;+2b3)
Theweightof one cubicfootof seawateris 64 lb.
fore,thevolumedisplacedis
v = &*
where
~ is thegrossweightof theseaplaneinpounds.,
ingtheexpressionsfor I and V:
Themetacentricheight GM is thengivenby
GM= BM-BG=64L~ (6s’b-+2b3) - h
where h is thedistanceof thec-g.abovethec.b.
..-
Thexe-
Combin-
Thisformulais notexactin thatit assunesthewaterplag_e_
areatobe rectangular.It appears,however,uponstudyof the
formula,thata furtherapjmoxiritionmightbe madein neglecting
.-—
theterms 2b3, and h, andattemptingtoallowforallapproxi-
-—F
mationsby theuse of a singleconstant,whosevalueisdeter-.
l
minedby calculationor by experiment.Thatis
-3-
. GM = ‘+
whereA isthegrossdisplacementinpounds.
Thevalue“ofKI hasbeendeterminedfroma seriesof tests
at theWashingtonNavyYardExperimentalModelBasin,andfound
tobe remarkablyconstantwitha valueof 19.5as shownby Table .
1. Theapplicationof thisformulatofullscaleindesignwill ‘
be discussedlater.
LONGITUDINALSTABILITY- SINGLEANDTWIHFLOATS.
Followingther.ethodusedtodeterninethelateralrnetacen-
tricheight,it tillbe assumedthatthewaterplanea~ea.of each
floatis rectangularandof area L X b, so thatY~emomentof
inertiaof thetotalwaterplmeareais
1=%bL3
where n is thenumberof floats.
GM = 64nbL3
12A
or simplifying
K2nbL3GM=
A
.
Thisgives .-
-h
Thevalueof K= hasalsobeendeterminedfroma seriesof
incliningtestsandfoundtohavean averagevaiue
.
Kz= 2.10
.
as shownby Table11. Individualvaluesvarymore
agefor K2 thanfor KI owingto thedeviations
-———
of
—
fromtheaver-
in thecon-
..
b
.
,.
tourof thewaterplane
?meadth,andthevallle
le~gt’dwhilethevalue
areawhichaffectthelengthmorethanthe
of Kz dependsuponthecubeof the
of KI dependsdi~ectlYon thele@h- ._
Allowingforprobable rrorsin measur~m~nt,it aPP~arsthatthe .
ap~roximateformulaforlongitudinalmetacentrichei@Jtwillgive___
~esul~swithin10%when Kz is takenas 2c1OS
LATERALSTABILITY- SINGLEFLOATANDE(2ATYPESEAPLANES-
single floatandboatt~e seaplanesre@re theuseof aux-
iliaryfloatson thewingtipsto securelateralstability:In
thiscaseit seemsadvisabletomakeuseof directrightingmo-
mentsratherthanmetaceatrioheights.Thewingtipfloatsare .
attachedat a distance1, fromtheplaneof symmetry,andre-
Wire%a lateralinclinationOf @ degreesbeforesubmergence”..._
Whenjustsubmergeda wingtipfloat,displacingA pounds,exerts
a rightingmomentof
LI= A ~ COS e lb.ft.
Thedisturbingmomentdueto thelateralinclinationis —
% = T7hsinQ Ib+ft.
where W is thegrossweigiltof theseaplaneam h thedistance
of thee.g.abovethec-b.
LI mustbe sufficientlygreaterthan Le to allowforall
additionaldisturbingmomentsSUChas theeffectof sidewindon
thefuselageor on a yawedwingwithdihedral-Thesemoments
havebeencalculatedforseveralrepresentativecasesand found
-5-
l
tobe sma21in comparisonwiththemomentdueto inclination.It
shou?.dtherefozebe alloxabletoput
LI =CL2
or A t COSCJ=.CWh sin6
arideterninethevalueof c correspo~dingto satisfac’~ry (and
-.—
unsatisfactory)designs.Thishasbeendonefortheseaplanes
.
— .=
listed.in TableIII,andit is foundthat C?variesfTOm~.~tO
5.7. Onedesign,the YE-7 seaplane,havinga valueof C = 1.33,
wasunsatisfactory.Doublingthedisplacementof theWingtip
--
floatso that C!= 2.67,
l resultedin satisfactorystabi~..ity.
Inviewof tieperfor~nceof thevariousseaplanestabulatedin
.
Table111,it is tobe concludedthatsatisfactorylateralsta-
bilitywillbe obtainedThen C = 2.00.
APPLICATIONTODESIGN. ,.
Valuesof lateralad longitudir~lme~centricheightsfor
VariOUS seaplaneshave been cal~la~ed by ~e~s of theapprOXi~te”
.
formulae
plotting
grosswei
justderived.ThedataaregiveninTableIV. Upon
.-
thesemetacentri.cheightsagainstthecorresponding
@ts, as inFigs.2 and3, it appearsthatthemetacen-
tricheightisapproxirlatelya straightlinefunctionof thegross
.
.
weight.Forthelateralmetacentricheight
..-—.
.
GM= 13 + .Clo2w
l
andforthelongitudinalmetacentricheight
-6-
GM C 15 + .002~
GM beinginfeetandthegrossweightW inpounds”
Obviouslythevaluesgivenby thesetwolinesareby no
meansfinal.Theyarebasedon a smallnumberof desiresand .
referto approximatevalues
hm-ever,thatthevaluesso
rentpractice.Changesmay
datahavebeenaccumulated.
It is recommendedthat
forthesedesigns=It is thought,
indicatedarea reliableguideto c“ur-
be raieas founddesirablewhenmore
thelongitudinalndlateralmetacen-.
tricheights be ~~e equalandof thevaluegivenby
GM= 15 + .002w’
.
Theproperlen@h or ~uacing~equired”tosatisfytheindicated
.
valuemaYthenbe obtainedfrcmsubstitutioni theapprOXim~te _
formulaeformetacentricheight.
.
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l TABLEI.
LATERALSTABILITYOF TWINFLOATSFORSEAPLANES.
DETERMINATIONF KI IN TKEFORMULA
Length
L
ft.
2:33
2.083
2.083
2.083
2.083
2.083
1.832
2l 045
1.75
1.?48
1.83
Beam
b
ft.
-
:292
.34s
.348
.348
.348
.348
.241
.296
.245
.244
.244
Spacing
on&
,s
ft.
.875
1.000
1l 000
1.Ooe
1.000
1;000
l777
-833
.791
.803
-803
Dis-
place-
rlent
A
lb.
4-67
6.07
5.08
4.35
3.63
2.72
2.73
3.94
2.61
2-63
2.63
Heta-“
centric
height
GM
ft.
2-119
2.328
2.9?
3.17
4.01
5.06
1.955
1.890
2.030
2.015
2,29
Lbs2
A
.1117
.1192
.1423
.1663
.1993
.2660
.0983
.1067
.~028
.1048
.1097
—
19.0
13.5
.=
20.9 “-:
19.1
20.1 .
19.0
19.9 –.
17:7
19.8
1!3.2 ‘
20.8
Average ,.. . 19.5
.-8-
.
Model
l
!
Loenin
II
CT
II
II
n
H
TS-1
DT
WA
Ss
TG
VT
vl&l
Nc
TAE.LE11.
LONGITUDZNAHTABIIJTYOl?SIIAPL&NEFLOATS.
DeterminationOF Q IN THEFOR.KULA
Lengtt
L
ft.
2.33
2.31
2.083
2.083
2.083
2.083
2.083
1.832
2.945
2.09
1*75
2.36
1.748
1.83
3,133
GM . ~nbL3
A
MODELTESTDATA.
Beam1liumbe~
of
b“ floats
inft.I
— ._J..,__
.2921 2t
i
.348 2
.348
.348
.241
.296
.271
.245
.361
.244
.244
.699
2
2
2
2
1
2
1
2
2
1
Dis-
place-
ment
A
lb.
4-67
4.90
6.07
5.08
4.35
3.63
2.72
2.71
3.94
2.37
2.61
3.75
2.63
2.63
9.35
Meta-
centric
height
GM
ft.
3.164
2.614
2.053
2.90
3.47
3.i9
4.14
2.360
2.423
2.196
2.414
2.482
2.395
2.270
4.18
nbL3
A
1.58
1.253
1.034
1,~37
1.443
1.730
2.310
1.093
1.284
1.043
1.006
1.265
0.39
1.14
2.295
Average. . . .
—
.—
K2
-.
—-- - -
2.00
-.
1.99 “-
-..
2.34“’..’.1”
:.-”. s
2.40. ..
.,. .-
2l 07 _.=;
“1,79 .:
..
2.16 ““”‘:.
.-.-
__,,
1.89 ._,
2>10
2.40 _
1.56
2.40
2.10
-$j -
TABIJ3III.
LATERALSTABILITYSEAPLANESWITHWINGTIPFLOATS.
.
Seaplane
N9
HS-2 l
HS-3
3-16
F-5-L
NC
MI?
‘i’F
VE-7
VE-7
Mod.40
HA
GroBS
weight
w
lb.
2400
6430
6430
10900
13500
22000
2490
8850
2600
2600
2467
3910
Dis- .*
place- a;o$e
ment c.b,
each
wing h
tip
float
il.
lb. ft.
160 I 5.7
Wing
tip
float
toG
1.
f-h.
19.1
275 I 4.9 I26.4
*O 4.5
1170 6.0
1175 6,0
laoo ?.5
160 4.0
1000 5.0
190 6.0
380 6.0
265 4*3
290 5.0
26.4
30.4
33.2
41.5
15.6
Z.5
13.5
13.5
14.75
14.3
Angle
to
sub-
merge
wing
tip
float
“o$
9
7
7
8
7
4*.5.
10
9
7
7
10
7
tan9
.158
.123
,123
.140
.123
*079
.176
~158
l 123
.123
.176
.123
c?
1.42
1,87
5.03
3.88
3.92
5.70
1943
3.23
1.33
2.67
2.08
1.72
Remarks-
—.
.,
-.
-+ .
lJnsatis-,
fat- .
tory
,
-— —- — _ _
———
.
—
Seaplam
bening
~~
TS-1
‘DT
Ss
VT
R6
Boeing
WA
TG
l
N9
*
Nc
GB
TABEEIV.
FULLSCALEMETACENTRICHEIGHTOF SEAPLANES. 6
(CALCULATEDBY FORMULA)
Dis-
place-
ment
A
lb.
2450
10000
2025
6975
4615
8615.
3950
2455
4~(30
..
~8~
2400
22000
65000
Lerqth Beam
of
boat
~ b
ft. f-tl
18.67I 2.33
25.00 4.7
16.50 2.18
24.53 3.55
21*O I 2.93
25.75 3.61
20.0 2.5@
16.0 2.2E!
25.06 3.25
21.251’3.2517.83 3.48
44.8
I
10.0
64.g6 I 14.6
Number;Spacing
on&
T
n s
ft.
2
z
“2
2
2
,2
2
2
“1
1
1
1
1
7.0
12*O
\ 7“0
I
IO*O
I 9.0
I
\ 11.83
II 11.0
I
1 7.5
I
Longitu-Lateral
dinal
GM ‘ GM
ftl ft.
26.0
27.4
20.3
31.6
24.8
29.9”
21.3
16.0
25.6
23.3
17.3
86.0
129.0
19.5Lbs2Lateralmetacentricheights(23!= *
LongitudinalmetacentricheightsGM = 2“1~‘bL3
IQ
.
—
— ——
-——. -
17.0
29.3
17.0 _
24.3
20.9
..
29.4
29.8
16.4
,.
. .
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